To measure the concentrationof testosterone(T) that is not bound to sex-steroid-bindingprotein (SBP) in plasma, we quantifiedby radioimmunoassaythe T in the supemates of plasma samples after precipitationwith 50%-saturated ammonium sulfate. The concentrationsof non-SBP-boundT, directly measured with this assay, correlated significantly (P <0.001) with those deduced from measurementof the percentage of non-SBP-boundT determinedwith [3H]T as tracer or from mathematicalmodels accordingto the law of mass action. It also correlatedsignificantlywiththe ratioof T to SBP and with the concentration of nonbound T. As determined with this assay, the mean concentrationof non-SBP-bound T in normal men was higherin young (4.67, SD In plasma, testosterone (T) is mainly bound, with a high affinity, to a specific binding protein, sex-steroid-binding protein (SBP), also referred to as testosterone-estradiolbinding globulin or sex-hormone-binding globulin; it is also bound to albumin with a low affinity (1). Pardridge et al. (2, 3) have shown that the albumin-bound T diffuses easily from circulation to tissues, and it is now believed that the non-protein-bound ("free") and the albumin-bound T circulating in plasma represent the fractions of T that are available for target cells. Therefore, measurement of the non-SBP-bound fraction of plasma T is of particular interest for the investigation of androgenicity. Two approaches have been used to estimate the concentration of non-SBP-bound T in human plasma.
which governs the equilibrium of T with its binding proteins. The concomitant measurement of different parameters, increasing in number as the mathematical model increases in complexity, is necessary for these methods of calculation. In the model used by Pearlman and Crepy (4), the determination of the total T concentration, the binding capacity of SBP, and the association constant of the binding of T to SBP are needed. In addition to these parameters, the model developed by Sodergard et al. (5) requires determination of free T.
The second approach involves development of methods of separating the non-SBP-bound fraction ofT, primarily by treating plasma samples with animonium sulfate (6) (7) (8) . by radioimmunoassay in the ammonium sulfate precipitate, from the total T concentration.
The distribution of T in the pellet
In the present work, we measured T directly, by radioimmunoassay, in the supernate of plasma precipitated with 50%-saturated aminonium sulfate, to assess in one assay the non-SBP-bound T concentration. This procedure does not require concomitant determination of the percentage of non-SBP-bound T and the total concentration of T. We assessed the analytical reliability of this method by comparison with the previously described methods for non-SBP-bound T, using numerous samples exhibiting a large range of T and SBP concentrations. The clinical relevance of the non-SBP-bound T concentration was evaluated by measuring samples drawn from men and women with various physiopathological conditions known to alter concentrations of total T and (or) SBP. 
MaterIals and Methods

Materials
Results
Reliability of the precipitation
of testosterone-binding proteins by ammonium sulfate. In the supernates of eight plasma samples treated by ammoniuin sulfate at 50% saturation, SBP was undetectable (<3.5 nmol/L), whereas albumin recovery was almost complete (96.3% ± 7.2% of the albumin concentration present in the plasma before precipitation was accounted for). The concentrations of albumin and SBP measured in the plasma supernates are shown as a function of increasing concentrations of ammonium sulfate in Figure 1 . SBP was completely precipitated by ammonium sulfate at 50% saturation (final), whereas the albumin concentration in the supernate was unchanged. The concentration of T in the supernate displayed a three-step pattern: from 0% to 30% saturation with ammonium sulfate, the concentration of T corresponded to total T, because none of the binding proteins were precipitated; from 45% to 55% saturation, 20% of total T was not precipitated, which corresponded to the non-SBP-bound T fraction, because no SBP remained in the supernatant; finally, beyond 70-80% saturation, when albumin was totally precipitated, the remaining T concentration was virtually completely free (non-protein-bound) P. Figure 2 shows the influence of the incubation time of plasma with ammonium sulfate at 50% final saturation. For incubation <15 mm, the non-SBP-bound T concentration decreased by <8% of the value obtained with rapid centrifugation.
Non-SBP-bound T concentration progressively decreased when the incubation time was longer than 15 mm, reaching 30% after 3 h. During this prolonged incubation, the concentration of albumin in the supernate was unchanged.
The effect of increasing incubation times on non-SBP-bound T was investigated by assaying plasma samples that had been previously overloaded with various concentrations of 17-estradiol.
The decrease in non-SBPbound T was progressively blunted and disappeared in the presence of high 17/3-estradiol concentrations (Figure 3) .
Reliability of the non-SBP -bound testosterone assay. The detection limit of the assay was 45 pmolIL (>2SD of the B0 value in the standard curve of the radioimmunoassay for T). The intra-assay (n = 8) and interassay (n = 10) (5) . Also shown are the T/SBP ratio and the concentration of protein-unbound T measured by equilibrium dialysis and by Coat-A-Count kit. The concentrations of non-SBP-bound T measured by the present direct assay correlated highly significantly with those measured by each method tested. By contrast, the correlation with the concentration of total T was rather low. In the male subjects of this study, the concentrations of non-SBP-bound T obtained with the direct assay were not different from those obtained with the method of Tremblay and Dube (9) supernate of plasma samples after precipitation by 50% saturation with ammonium sulfate. The pattern of RIA-T, SBP, and albumin in the supernate of ammonium-sulfate-precipitated plasma was carefully assessed as a function of increasing concentrations of ammonium sulfate. This experiment indicated that, at 50% saturation, SBP was fully precipitated with no precipitation of albumin.
The method requires that ainmonium sulfate be added slowly so as to avoid macroprecipitation and that the elapsed time between the precipitation of SBP and centrifugation of the test tubes be <15 mm. Under these conditions there is no significant decrease in P concentration in the supernate (Figure 2 ). For longer incubation times, a slow decrease in the concentration of non-precipitated T was observed. This phenomenon was not attributable to T-bound albumin adsorption onto the precipitate, because the albumin concentration was unchanged in the supernate, but rather to a slow displacement of the binding equilibrium of T from the albuminbinding sites to the SBP-binding sites. This conclusionwas supported by the inhibition of the decrease in non-SBPbound T concentration when plasma was pre-incubated with increasing concentrations of 17p-estradiol. Under such conditions, 17-estradiol competed with the albumindissociated T to occupy the available SBP binding sites, obviating the increase in SBP-bound P.
The incubation time of plasma with a.mmonium sulfate must be short, so as not to limit the practicability of the
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Non AS correlations between the direct method and the other methods were highly significant (P <0.001).
were higher. In the women, the values given by the method of Tremblay and Dube (9) were slightly higher than those measured by the direct assay. Lower values were obtained by the method of Pearlman and Crepy (4) and higher values by the method of Sodergard et al. (5) (Figure 4) . Non-SBP-bound T in pathophysiological situations. In Table 2 we compare the concentrations of non-SBP-bound T in physiological and pathological situations. In normal men, the concentrations of non-SBP-bound P decreased significantly with age. In hyperthyroid men, a situation where both tot.al T and SBP are increased, non-SBP-bound P was lower than in age-matched controls. In infertile men, the mean non-SBP-bound T was lower than in age-matched controls.
During normal pregnancy, a dramatic increase in the binding capacity of SBP was associated with an increased total T level; in this circumstance the non-SBP-bound P was slightly decreased. Conversely, in women with hirsutism, SBP binding capacity was significantly (P <0.05) lower than normal, and the mean non-SBP-bound T concentration was higher (P <0.01) than in non-hirsute women. The precision of the overall method was close to the precision of the T-RIA performed alter extraction and chromatography.
Subjects
The detection limit sufficed to measure the non-SBP-bound P concentration in men as well as in women.
Non-SBP-bound T concentrations measured by this technique correlated significantly with those obtained with the methods of Premblay and Dube (9), Peariman and Cr#{233}py (4), and Sodergard et al. (5) as well as with the T/SBP index and the free-P concentrations.
The coefficients
of correlation were lower for women than for men, probably owing to the lesser reliability of the radioinununoassay for low concentrations ofT. In the direct assay, the measurement of total P concentration, the use of a highly purified tracer, and the use of a quenching correction for radioactivity counting are not necessary. The measurements of several parameters of the binding equilibrium of T to calculate non-SBP-bound T according to mathematical models, because of the variability of each assay for these parameters, give rise to a large variability in the finally calculated non-SBP-bound P concentration. This might explain the discrepancy observed between the different methods. Moreover, the mathematical models do not take into account the possibility of the presence of endogenous steroids or of specific or nonspecific ligands, which may interfere with the binding equilibrium of T in plasma and therefore modify the concentration of non-SBP-bound P (17).
For clinical investigations, the non-SBP-bound P evaluation appeared to be of particular interest in male patients with mild gonadal dysfunction.
As in other reports, we too found a decrease in non-SBP-bound T concentration with aging in normal men (18, 19) . In hyperthyroid males, the concentration of T was increased and associated with an increased binding capacity of SBP, as already well documented (20) . This was explained by the reported in vitro stimulating effect of thyroid hormones on the hepatic production of SBP (21) . We found that the concentration of non-SBP-bound P was significantly lower in hyperthyroid than in non-hyperthyroid men. In the infertile men of our study, the non-SBP-bound P was, on average, lower than normal. This observation is consistent with a Leydig cell dysfunction in some infertile men (22) . This important issue merits further investigation.
In women, during pregnancy, high SBP binding capacity is induced by the increased concentrations of estrogens. It has been well documented that the increase of SBP decreases the metabolic clearance rate of P (23) . Therefore, increased SBP binding capacity and the consequent decreased metabolic clearance rate of T explain the relatively high concentrations of total P during pregnancy. However, non-SBP-bound T is not increased, in agreement with the absence of clinical symptoms of hyperandrogenism in pregnant women. Conversely, in hirsute patients, increased T and (or) decreased SBP binding capacity are generally reported. In most of these patients, the non-SBP-bound P concentration was increased, and it was a better marker of hyperandrogenism than total T. This concords with previous reports (24,25).
We conclude that the direct radioimmunoassay of T in ammonium-sulfate-precipitated plasma is a sensitive, reproducible method. The analytical and clinical reliability of this method is similar to the previously described methods for measurement of non-SBP-bound T. It is a very practical assay, appropriate for routine use in investigating gonadal function in humans. This assay would be useful in patients with abnormal binding of P to SBP, which may alter the distribution of P in plasma and its availability for target cells. In these circumstances, the non-SBP-bound P assay gives a correct interpretation of the concentration of total P and renders determination of SBP unnecessary.
